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Abstract 
 
In these paper bainitic nodular cast iron with carbides as-cast obtaining has been presented. This cast iron has been obtained with use  
of Inmold method. It was shown, that there is the possibility of bainite and carbides obtaining in cast iron with Mo and Ni for studied 
chemical composition. 
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1. Introduction 
 
In the Department of Materials Technologies and Production 
Systems of Technical University of Łódź research obtaining as-
cast bainite in cast iron with carbides are conducted. Results for 
obtaining  martensite  in  castings  were  shown  in  work  [1  ÷  4]. 
Independently of nodulization technology martensitic microstruc-
ture was obtained in cast iron with: C = 3,46 ÷ 3,66%, Si = 2,53 ÷ 
2,95%, Mn = 0,20 ÷ 0,69%, Cr = 0,00 ÷ 2,00%, Mo = 1,00 ÷ 
2,00%, Ni = 2,00 ÷ 5,00%, Cu = 1,5%. The aim of this work was 
to test the possibility obtaining as-cast bainite in castings with use 
of Inmold method. 
2. Work methodology 
 
Cast iron was melted in 30kg induction furnace of 15000Hz 
frequency. To cast iron melting Norwegian pig iron OB and St3 
steel scrap were used. The chemical composition of pig iron is 
shown  on  Table  1.  Silicon  content  was  supplemented  FeSi75 
ferrosilicon and manganese – FeMn65 ferromanganese. To cast 
iron nodulization Inmold method was used. Nodulizer in amounts 
of 1% casting mass was located in the reactive chamber in the 
gating  system.  After  this  chamber  the  mixing  and  the  control 
chamber were located. Inside the control chamber the thermoele-
ment  PtRh10-Pt  to  measure  cast  iron  temperature  was  placed. 
Stepped casting dimensions and the scheme of elements layout 
inside the mould are presented in Figure 1. The chemical compo-
sition of nodulizer is presented in Table 2. In Table 3 the chemical 
composition of tested cast iron is presented. Its equivalent carbon 
content Ceut and a degree of eutectic saturation Sc were calculated 
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a) 
 
 
b) 
 
 
Fig. 1. Experimental casting dimensions (a) and the scheme  
of elements layout inside the mould (b): 1 – experimental casting, 
2 – mixing chamber, 3- control chamber, 4 – reactive chamber,  
5 – down–gate, 6 – thermoelement shield 
 
Table 1. 
Chemical composition of pig iron OB 
Chemical composition, % 
C  Si  Mn  P  S 
3,94  1,09  0,015  0,023  0,004 
 
Table 2. 
The chemical composition of nodulizer 
Chemical composition, % 
Si  Mg  Ca  MZR  Al 
40,0  
49,0  3,0   6,5  0,3   1,0  0,3   1,4  0,5   1,2 
 
Table 3. 
The chemical composition of tested cast iron 
Chemical composition, %  Ceut, 
%  Sc 
C  Si  Mn  Mo  Ni  Pmax  Smax 
3,53 
 
3,66 
2,48
 
2,54 
0,19
 
0,22 
1,00 
 
2,00 
0,50 
 
1,00 
0,05  0,01 
4,37 
 
4,41 
1,02 
 
1,03 
 
To  thermal  derivate  analysis  (TDA)  curves recording  TDA 
Windows programme, 1.1 version, Cristaldigraph converter, ver. 
4.22  and  a  thermoelement  PtRh10-Pt  (type  S)  were  used.  Cast 
iron  microstructure  was  tested  on  metallographic  specimens 
etched by nital with magnification ×100 and ×400. Microstructure 
photographs were made by using Hitachi S-3000N scanning electron 
microscope.  X-ray  microanalysis  was  made  by  using  Pioneer  ESD 
detector and Ventago software. 
 
 
3. Results 
 
On Figure 2 representative TDA curves (a) and a microstruc-
ture (b, c) of bainitic nodular cast iron with carbides obtaining 
with use of Inmold method are presented. 
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Point  , s  t,  C  dt/d ,  C/s 
A  55  1271  0,23 
B  92  1235  -1,49 
E  188  1142  -0,12 
H  268  1088  -1,17 
K  319  1036  -0,90 
L  340  1015  -1,01 
 
b) 
 
 
c) 
 
microstructure: nodular graphite, upper bainite,  
retained austenite, carbides 
 
Fig. 2. Representative TDA curves (a) and the microstructure  
(b, c) of bainitic nodular cast iron with carbides with: 3,60% C, 
2,50% Si, 0,20% Mn, 2,0% Mo, 1,0% Ni 
 
Results  from  it,  that  forming  microstructure  process  starts 
from graphite crystal nucleus separation, which grow up as no-
dules. The maximum thermal effect from graphite crystallization 
occurs at a temperature of 1271 C (point A, Fig. 2 a). After cool-
ing  to  the  temperature  of  1235 C    +  graphite  eutectic  phase 
crystallize.  This  process  go  on  to  the  temperature  of  1088 C 
(point H, Fig. 2 a). The maximum thermal effect from eutectic 
crystallization occurs at a temperature of 1142 C (point E, Fig. 2 
a).  “Rejection”  Mo  elements  by  eutectic  front  crystallization 
causes increase of cast iron propensity to crystallization according 
to the metastable diagram. Thereupon, at a temperature of 1088 C 
from residual liquid (Fe, Mo)3C carbides formation begins. The 
end of this process occurs at a temperature of 1015 C (point L, 
Fig. 2 a). Because of carbides crystallization after   + graphite 
eutectic  phase  forming,  they  are  located  along  eutectic  grains 
borders (Fig. 2 b, c). 
From Fig. 2 (b, c) results strong nodular graphite size reduc-
tion. It is characteristic in Inmold method. Graphite diameter is 
amount to no more than 30µm and carbides size – 2000µm
2. 
Austenite transformation to bainite occurs  in cast iron with 
Mo  >  1%,  Ni  =  0,5  ÷  1%  and  without  Cu.  In  cast  iron  with  
Mo = 1 ÷ 2%, Ni = 1,00 ÷ 5,00% and Cu = 1,5% there is marten-
site in metal matrix. Results from it, that molybdenum increases 
considerably  austenite  stability  in  range  its  transformation  to 
pearlite and insignificantly in bainitic range. It is schematically 
presented  in  Figure  3.  It  confirms  data  presented  in  work  [6], 
concerning  Mo  influence  on  austenite  stability  in  the  bainitic 
range. Thereupon, for obtaining bainite in nodular cast iron with 
carbides only Mo and Ni were used. 
 
 
 
Fig. 3. The scheme of molybdenum influence on start austenite 
transformation on TTT diagram for nodular graphite cast iron 
with carbides 
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Upper bainite metal matrix microstructure was obtained in the 
whole range of tested chemical composition and wall thickness 3 
÷ 25mm.  There  were  differences between  carbides amount  de-
pending on the wall thickness, which is showed in Figure 4 (a ÷ 
d). The average hardness of bainitic nodular cast iron with car-
bides was amount to 338HB. 
On Figure 5 the microstructure of bainitic cast iron with car-
bides (a)  and  Si,  Mn,  Mo  and Ni  concentration  distribution  in  
a few eutectic grains and carbides (b) are presented. 
Results from it higher Mo concentration in carbides and uni-
form Si, Ni and Mn concentration in a metal matrix. From the 
theory  of  crystallization  process  it  is  known,  that  graphite–
forming elements have parabolic distribution in eutectic grain and 
there is the highest concentration of it next to the graphite [5]. The 
uniform  concentration  of  these  elements  is  caused  by  a  short 
distance between graphite separations. 
On Figure 6 the microstructure (a) and a linear distribution of 
Mo concentration (b) in the range of eutectic grain are presented. 
Results from it increased Mo concentration in carbide too. 
Experimental  castings  were  chilled  in  the  air  and  in  the 
mould. In both cases bainitic microstructure of cast iron in tested 
chemical composition and wall thickness was obtained. 
 
a) 
 
b) 
 
c) 
 
d) 
 
microstructure: nodular graphite, upper bainite, retained austenite, carbides 
 
Fig. 4. Bainitic nodular cast iron microstructure in the experimental casting with: a) 3mm, b) 6mm, c) 12mm, d) 25mm wall thickness 
50 m 
50 m  50 m 
50 m  
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a) 
 
microstructure: nodular graphite, upper bainite,  
retained austenite, carbides 
 
b) 
 
 
Fig. 5. The microstructure of bainitic nodular cast iron with car-
bides (a) and the concentration distribution of Si, Mn, Ni and Mo 
inside eutectic grains and carbides (b) 
 
a) 
 
microstructure: nodular graphite, upper bainite,  
retained austenite, carbides 
 
b) 
 
 
Fig. 6. The microstructure (a) and the linear distribution of Mo 
concentration (b) in eutectic grain of nodular cast iron  
with carbides 
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4. Conclusions 
 
The results have indicated the following: 
  upper bainite microstructure can be obtained in castings with 
3,0 ÷ 25,0mm wall thickness containing 1,0 ÷ 2% Mo and 0,5 ÷ 
1% Ni, 
  molybdenum causes increase of austenite stability in the pearlit-
ic range and not change considerably its stability in the bainitic 
range, 
  addition of Cu = 1,5% to cast iron containing 1 ÷ 2% Mo and 
0,5 ÷ 1% Ni causes forming martensitic microstructure in cast-
ings  as  a  result  of  austenite  stability  increase  in  the  bainitic 
range too. 
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